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Abstract
Background: Cartilage loss is a hallmark of arthritis and follows activation of catabolic processes
concomitant with a disruption of anabolic pathways like insulin-like growth factor 1 (IGF-1). We
hypothesized that two natural products of South American origin, would limit cartilage degradation by
respectively suppressing catabolism and activating local IGF-1 anabolic pathways. One extract, derived
from cat's claw (Uncaria guianensis, vincaria®), is a well-described inhibitor of NF-κB. The other extract,
derived from the vegetable Lepidium meyenii (RNI 249), possessed an uncertain mechanism of action but
with defined ethnomedical applications for fertility and vitality.
Methods: Human cartilage samples were procured from surgical specimens with consent, and were
evaluated either as explants or as primary chondrocytes prepared after enzymatic digestion of cartilage
matrix. Assessments included IGF-1 gene expression, IGF-1 production (ELISA), cartilage matrix
degradation and nitric oxide (NO) production, under basal conditions and in the presence of IL-1β.
Results: RNI 249 enhanced basal IGF-1 mRNA levels in human chondrocytes by 2.7 fold, an effect that
was further enhanced to 3.8 fold by co-administration with vincaria. Enhanced basal IGF-1 production by
RNI 249 alone and together with vincaria, was confirmed in both explants and in primary chondrocytes (P
<0.05). As expected, IL-1β exposure completely silenced IGF-1 production by chondrocytes. However, in
the presence of IL-1β both RNI 249 and vincaria protected IGF-1 production in an additive manner (P
<0.01) with the combination restoring chondrocyte IGF-1 production to normal levels. Cartilage NO
production was dramatically enhanced by IL-1β. Both vincaria and RNI 249 partially attenuated NO
production in an additive manner (p < 0.05). IL-1β – induced degradation of cartilage matrix was quantified
as glycosaminoglycan release. Individually RNI 249 or vincaria, prevented this catabolic action of IL-1β.
Conclusion: The identification of agents that activate the autocrine production of IGF-1 in cartilage, even
in the face of suppressive pro-inflammatory, catabolic cytokines like IL-1β, represents a novel therapeutic
approach to cartilage biology. Chondroprotection associated with prevention of the catabolic events and
the potential for sustained anabolic activity with this natural product suggests that it holds significant
promise in the treatment of debilitating joint diseases.
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Background
Osteoarthritis is a painful and debilitating joint condition
that affects hundreds of millions worldwide [1,2]. Despite
the prevalence of the disease the current therapeutic
options have significant limitations. The popular nonsteroidal anti-inflammatory class of therapeutics
(NSAIDs), which block cyclo-oxygenase (COX), provide
symptomatic relief but do not abrogate the underlying
disease process [3]. Indeed, it is well appreciated that cartilage destruction can proceed unabated despite suppression of inflammation [4]. To this dilemma, the COX-2
specific class of NSAIDs has revealed an increase in the
risk for cardiovascular and heart disease [5,6], although
their design was an attempt to reduce complications associated with non-specific COX inhibitors [7]. Thus the
quest to develop new therapeutic entities has taken on
greater impetus and yet additional uncertainty.
Patients often supplement pharmaceutical strategies for
managing arthritis with complementary medicines. These
may include acupuncture [8], nutraceuticals [9-11], and
botanicals [12,13]. Glucosamine and chondroitin based
products dominates the nutraceutical approach to arthritis. Glucosamine and chondroitin are structural elements
of cartilage and matrix and their proposed therapeutic
benefits center on the assumption that ingestion of these
matrix elements, despite their poor absorption [14,15],
will replace matrix that is lost as a result of the catabolic
process. Not surprisingly large amounts are required and
the onset of action with this approach is on the order of
months [16-19]. The recently published GAIT study [20]
indicated that glucosamine, chondroitin as individual
treatments or in combination failed to demonstrate significant differences from placebo in the relief of mild to
moderate osteoarthritis of the knee. This observation may
reflect that these are structural elements only and do not
directly modify the processes of joint destruction or
repair.
On the other hand botanicals, especially those with redoxbased actions, hold promise in the treatment of chronic
inflammation [21-26]. Green tea catechins, especially epigallocatechin gallate (EGCG), have been shown to limit
human cartilage degradation in vitro [20,26] and maintain joint architecture in the collagen-induced arthritis
(CIA) animal model [26]. This anti-inflammatory action
is thought to be the result of inhibition of transcriptional
events, particularly prevention of NF-κB activation by
cytokines and oxidants. NF-κB is a critical transcription
factor in chronic inflammation and is a desirable target for
new therapeutics, including pharmaceutical development, as it regulates numerous genes that contribute to
the inflammatory process [28-30]. Of particular note for
joint dysfunction, NF-κB regulates the production of
matrix metalloproteases (MMPs) by chondrocytes [31].
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During inflammation or injury chondrocytes release
MMPs, which in turn degrade the cartilage matrix, releasing glycosaminoglycans (GAG), which can then be readily
quantified as an index of catabolic events in cartilage.
Indeed, these events were reproduced in this study with
human knee cartilage explants where IL-1β treatment
causes GAG release from explants.
While the developmental pipeline for new therapeutics
has focused on symptomatic relief (NSAIDs) and
approaches to alleviate joint destruction (MMP suppression), there are few approaches that also address joint restoration or activation of anabolic, repair pathways. It has
been well appreciated that inflammation and infection
silences the expression of repair pathways like IGF-1
[32,33]. Concomitant with a suppression of local, autocrine production of IGF-1 during inflammation is an
uncoupling of the signal transduction pathways for exogenous Growth Hormone (GH) and IGF-1 [34-36]. This
combination of lost tissue responsiveness to circulating
levels of anabolic factors and compromised local production results in a sustained loss of anabolic tone. For joints,
this may include supporting musculature as well as cartilage and bone [37]. This problem is more apparent for the
elderly where these events are superimposed on an agerelated loss in IGF-1 activity. For these reasons, Cappola et
al [38] observed that those elderly individuals with a combination of high IL-6 levels and low IGF-1 levels are at the
greatest risk for enhanced morbidity and mortality.
These factors also relate to the increasing incidence of
osteoarthritis and joint dysfunction with age [39] and the
reduced growth associated with pediatric chronic inflammatory bowel disease, where anti-IL-6 antibodies restored
linear growth and IGF-1 levels independent of nutrition
[40]. Indeed, there appears to be excellent evidence that
growth restriction with chronic inflammation, including
arthritis, is the result of suppression of IGF-1 production
and activity, independent of GH, and in response to IL-6
[41,42]. Supplemental IGF-1 restored linear growth in
these models, linking the suppression of IGF-1 to compromised anabolic activity [43].
In the present study we hypothesized that a combination
of a cat's claw (Uncaria guianensis) extract devoid of
immunostimulatory oxindole alkaloids [44] and an
extract of the Andean vegetable Lepidium meyenii, may
provide the desired therapeutic innovation for compromised anabolic tone. The rationale for this hypothesis
centered on our previous work with Uncaria guianensis
extract vincaria, as a potent inhibitor of NF-κB, TNFα and
associated anti-inflammatory and cytoprotective actions
[25,44-46]. Additionally, vincaria has successfully completed a small trial for osteoarthritis of the knee demon-
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strating a rapid reduction in pain and improved function
[47].
Lepidium meyenii extracts had previously been demonstrated to have pro-fertility actions [48-51], an application
that is not intuitive for treating arthritis. The pro-fertility
actions of Lepidium meyenii could not be explained on the
basis of an augmentation of sex steroid or gonadotrophin
pathways [48,49] and the mechanism underlying these
benefits has remained elusive until now. However, based
on this ethnomedical knowledge and our own observations that these extracts were anabolic in farmed fish
(unpublished reports) whose growth is critically dependent on IGF-1, we hypothesized that the central mechanism of action for Lepidium meyenii extracts was the
autocrine activation of IGF-1. If our hypothesis was to be
validated then this would rapidly open a new approach to
the management of arthritis.
The present study was designed to address these issues
with a focus on the functional consequences of maintaining IGF-1 gene activity and production in human cartilage
explants. The study had goals of determining if RNI 249
could activate human chondrocyte IGF-1 gene expression
and maintain IGF-1 production in the face of pro-inflammatory signals, IL-1β, that normally silence the IGF-1
gene.

Methods
Reagents
Tissue culture medium and related reagents were purchased from either Mediatech (Herndon, VA) or InVitrogen (Carlsbad, CA). Recombinant human IL-1β was
purchased from R&D Systems (St Paul, MN), and other
chemicals were purchased from Sigma-Aldrich (Saint
Louis, MO). The extracts, vincaria (RN180) or RNI 249,
and their combination (Reparagen™) were supplied by
Rainforest Nutritionals, Inc and were dissolved in water
and filtered through a 0.45 µm filter under vacuum prior
to use. Vincaria is an alkaloid depleted water based extract
of Uncaria guianensis that is standardized for antioxidant
activity (DPPH radical quenching) and an oxindole alkaloid content of less than 0.1 mg/g as determined by HPLC.
RNI 249 consists of a polar extract of Lepidium meyenii that
is standardized for its DPPH quenching activity prior to
combining with an inert stabilizing material.
Human chondrocytes culture and cartilage explants
Human OA cartilage samples were procured through the
Tissue Procurement Facility of University Hospitals of
Cleveland/Case Western Reserve University and with
prior approval of the Institutional Review Board of University Hospitals of Cleveland. Cartilage samples were
obtained from a total of 10 subjects, 6 females and 4
males, representing several racial groups (Hispanic, Afri-
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can-American and Caucasian, with a mean age of 62 yrs).
The cartilage samples were obtained from patients undergoing total arthroplasty of the knee due to degenerative
joint diseases. In all cases care was taken to use only "macroscopically normal" cartilage samples. For replication of
experiments chondrocytes from age and sex matched cartilage samples were used. No samples were exposed to
radiation solely for the purpose of these studies but
almost all the patients will have received X-rays as part of
their clinical presentation during the execution of care.
The same donor tissue was not used in all experiments but
untreated controls were included in all protocols.
Chondrocytes were prepared by the enzymatic digestion
of knee cartilage as previously described [20,23,26].
Chondrocytes were plated (1 × 106 cells/ml) in 35 mm
culture dishes (Becton-Dickinson, Mountain View, CA,
USA) and cultured in DMEM:F12 (Mediatech, Herndon,
VA) supplemented with 10% FCS and 1% Penn:Strep for
72 hrs at 37°C and 5% CO2 in a tissue culture incubator.
Chondrocytes were serum-starved overnight and then
exposed to RNI 249 (50 µg/ml), vincaria (10 µg/ml) alone
or in combination in fresh serum-free medium for 1 hr
prior to the addition of IL-1β. Cell viability before plating
was monitored by the MTT assay (Cell Viability and Proliferation Assay) according to the instructions of the manufacturer (R&D Systems). In some cases, chondrocyte
viability after exposure to the different agents was determined by Trypan blue exclusion assay.
Full-thickness cartilage slices (20–25 mg) were dissected
from the cartilage using sterile scalpel blade (Feather
Safety Razor Co., Japan). Four to five cartilage pieces
(approximately equal in size and weight) were transferred
to each well of a 24-well, flat bottom plate (Nunc, Denmark) containing DMEM:F-12 (1:1) supplemented with
antibiotics and 10% FCS and cultured for 24 hours. Subsequently the cartilage explants were cultured overnight in
serum free media. The cartilage explants were treated with
IL-1β alone or with IL-1β + vincaria or RNI 249, alone or
in combination for 72 hrs in serum free media. Explants
cultured in the absence of IL-1β, vincaria or RNI 249, were
used as controls. Additionally, the actions of RNI 249 and
vincaria singularly and together were examined independently of IL-1β exposure (5 ng/ml). Where appropriate,
explants were exposed to vincaria or RNI 249 were 15
minutes prior to the treatment with IL-1β. Total glycosaminoglycan present in the culture supernatant was
estimated as described below. The doses of RNI 249 and
vincaria that were evaluated were the lowest doses demonstrating effectiveness. However full dose-response
curves were not performed as the focus was on potential
additive effects and dosing that is likely to be exposed in
the clinical setting.
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described [53]. Color intensity was read spectrophotometrically at 535 nm using the Lambda 25 spectrophotometer (Perkin-Elmer, CT) and the values were derived
from a standard curve prepared using different concentrations of chondroitin sulfate. Results are expressed as
micrograms of glycosaminoglycan released per milligram
of cartilage tissue.
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Nitric oxide production
Levels of nitrate/nitrite were measured in cartilage explant
and chondrocyte culture media by using the Griess reaction (colorimetric assay) after conversion of the nitrate to
nitrite using a commercially available kit (Molecular
Probes, OR).

0

IGF-1 Gene Expression in Human Chondrocytes

Figure 1 expression of IGF-1 gene in human chondrocytes
Enhanced
Enhanced expression of IGF-1 gene in human
chondrocytes. IGF-1 gene expression referenced by the
activity of β – actin was examined in human chondrocytes (n
= 3 for all groups) under basal (control) conditions and after
treatment with RNI 249 50 µg/ml (R50), vincaria 10 µg/ml
(V10) and their combination (R50 + V10). The * refers to a
significant difference from control levels (P < 0.05), and the
** refers to a significant difference from all other groups (P <
0.001), indicating that the combination of R50 and V10 produced significantly greater increases in IGF-1 expression than
either V10 or R50 alone.

Quantitative RT-PCR
Total cytoplasmic RNA was prepared from primary cultures of human chondrocytes using a commercially available kit according to the instructions of the manufacturer
(Qiagen, Valencia, CA). Real time quantitative RT-PCR
with internal fluorescent hybridization probes was performed as previously described [22] and the IGF-1 gene
expression was quantified using a commercially available
Gene Expression Assay kit (Applied Biosystems, CA).
Expression of IGF-1 mRNA was normalized to β – actin
mRNA expression, and the results were expressed as fold
induction relative to controls.
IGF-1 ELISA
Human IGF-1 level in chondrocyte culture or cartilage
explant media was quantified using a commercially available Human IGF-1 ELISA kit (R & D Systems) per manufacturer's directions.
Quantitation of glycosaminoglycans
At the end of culture period, the culture medium was collected from each group. A 50 µl aliquot of the collected
supernatant from each sample was utilized to estimate the
total glycosaminoglycan (GAG) concentration by a colorimetric method employing DMMB as previously

Statistical analysis
Cartilage samples from donors were included in control
and test conditions, in other words the influence of subject variability was negated by including explants or cultures from individual donors in both the control and test
samples. Data was analyzed using the software package,
Instat®, and the analysis included one ay ANOVA followed
by an appropriate post hoc test (Dunnett's). Values are
expressed as mean ± SEM. Differences were considered
significant at P <0.05.

Results
IGF-1 expression and production by human cartilage
Direct activation of IGF-1 gene expression was evaluated
in primary cultures of human chondrocytes by real time
RT-PCR. RNI 249 (50 µg/ml) as well as vincaria (10 µg/
ml) when added to the culture media for 48 hr resulted in
a significant increase in the expression of IGF-1 (Figure 1),
relative to the control, β – actin (P < 0.05). Furthermore,
when RNI 249 and vincaria were combined, these effects
were additive resulting in a nearly 4-fold increase in IGF1 gene expression, which was significantly different from
RNI 249 or vincaria alone, as well as basal expression (P <
0.001). Cell viability was unaffected by the treatments
(data no shown).

The potential for RNI 249 to stimulate chondrocyte IGF-1
production was assessed by measurement of IGF-1 in the
culture media of cartilage explants. Explants were exposed
to RNI 249 at 10 and 50 µg/ml for 48 hours at which time
the media was removed for ELISA determination of
human IGF-1 levels (Figure 2). RNI 249 treatment
resulted in a dose-dependent increase in IGF-1 levels that
were significant at the 50 µg/ml dose (P < 0.05). RNI 249
represents the combination of a proprietary Lepidium meyenii extract with inert stabilizers as it was noted that the
extract alone had a reduced shelf-life, which is corrected in
the RNI 249 form. IGF-1 production from human cartilage explants was also enhanced 67% by vincaria alone
(10 µg/ml, P < 0.05), consistent with the stimulatory
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release from explants that received the 50 µg/ml dose of
RNI 249 were not statistically significant from untreated
controls (absence of IL-1β) and were significantly
improved over the 10 µg/ml dose and IL-1β alone (P <
0.01).
Vincaria (10 µg/ml) also demonstrated an ability to suppress IL-1β induced GAG release (control = 0.141 ± 0.009
µg/mg; IL-1 alone = 0.223 ± 0.010 µg/mg; IL-1β + vincaria
= 0.175 ± 0.010 µg/mg: P < 0.01 for IL-1 vs. control or IL1 + vincaria, n = 3). Potential additive effects associated
with the combination of RNI 249 and vincaria was not
tested as the individual components provided full protection with media GAG levels were not significantly different from untreated control explants.

4
3
2
1
0

Human Cartilage Explants

Figure
Production
ured
by 2media
of IGF-1
IGF-1 from
levelshuman cartilage explants as measProduction of IGF-1 from human cartilage explants
as measured by media IGF-1 levels. RNI 249 produced a
dose-dependent increase in media IGF-1 levels, as determined by ELISA. Only the 50 µg/ml concentration of RNI 249
produced a significant increase over basal, untreated explants
(* P < 0.05, n = 6 for all groups).

effects of vincaria treatment on IGF-1 gene expression
indicated in Figure 1.
Effects of IL-1β on IGF-1 production
While RNI 249 stimulates basal IGF-1 gene expression
and production in human cartilage, it was necessary to
determine if this action was retained in the presence of IL1β. Pro-inflammatory cytokines like TNFα and IL-1β are
known to silence the expression of the IGF-1 gene and
shutdown production in related tissues [31,32,41]. This
ability of IL-1β was confirmed in cartilage explants where
IL-1β (5 ng/ml) exposed explants displayed a complete
suppression of IGF-1 production (Figure 3). Treatment
with either vincaria (10 µg/ml) or RNI 249 (50 µg/ml)
partially restored IGF-1 production (P < 0.01) but interestingly the combination fully restored IGF-1 levels to baseline, untreated values despite the continued presence of
IL-1β.
IL-1β and GAG release
Culture of cartilage explants to study the effects of catabolic mediators on extracellular matrix (ECM) degradation is a well established method. We used this method to
study the effects of IL-1β, which induce MMPs and aggrecanases, on human cartilage ECM degradation and its
modulation by a natural product extract. Exposure of
human cartilage explants to IL-1β resulted in an increase
release of glycosaminoglycans into the media (Figure 4, P
< 0.05). Co-treatment of RNI 249 and IL-1β resulted in a
dose-dependent attenuation of GAG release. Indeed, GAG

IL-1β and chondrocyte NO production
Media nitrite levels in cartilage explants were used as an
index of nitric oxide production. Both RNI 249 (50 µg/
ml) and vincaria (10 µg/ml) lowered basal nitrite levels
(Figure 5) suggesting that there was a mild inherent activation of inducible nitric oxide synthase in these surgical
samples. Nevertheless, IL-1β exposure resulted in a
marked increase in nitrite levels consistent with an activation of inducible nitric oxide synthase. This response was
partially attenuated by vincaria and RNI 249 alone, with
additive effects upon co-treatment (P < 0.01). Similar
results to these described in cartilage explants were noted
in cultured chondrocytes, where RNI 249, vincaria and the
combination reduced IL-1β induced nitrite production (p
< 0.01) but yet nitrite levels remained significantly above
basal nitrite production (data not shown).

Discussion
Circulating levels of IGF-1 primarily reflect the hepatic
production under the influence of growth hormone
(GH). While reduced production of GH and IGF-1 are
associated with aging and joint dysfunction, poor mobility and increased mortality [36,37,53], the system can be
further uncoupled at the level of signal transduction. Both
the ability of GH to stimulate IGF-1 formation, and the
ability of IGF-1 to activate anabolism can be uncoupled
[34-36]. Altered production of IGF binding proteins that
limit IGF functionality also contribute to the overall tone
of the system [32,43,55-57].
While there are a number of factors including cytokines
and poor nutrition, that are thought to contribute to a disruption in IGF-1 functionality [58], the present observations are the first to report that autocrine activation of
IGF-1 gene expression in target tissues is a possible solution to these problems. We confirmed in human cartilage
explants what has been observed in other tissues that proinflammatory cytokines silence IGF-1 production
[32,33,36]. In the present case this was achieved with IL-
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Figure
IGF-1
to
IL-1β,
production
3vincaria and
fromRNI
human
249 and
cartilage
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in response
IGF-1 production from human cartilage explants in
response to IL-1β, vincaria and RNI 249 and their
combination. Control, untreated cartilage explants (n = 6)
release a defined amount of IGF-1 into the bathing media.
However, in IL-1β (5 ng/ml) treated explants IGF-1 levels
were immeasurable (n = 6). Co-treatment with either vincaria 10 µg/ml (V10, n=3), or RNI 249 50 µg/ml (R50, n = 6),
partially restored IGF-1 production. The combination of vincaria and RNI 249 (IL-1 + V + R, n = 3) produced additive
effects that resulted in the restoration of IGF-1 levels to control values despite the presence of IL-1β. The * denotes a significant difference from all other groups (P < 0.01).

1β, a major determinant of chondrocyte activation and
cartilage destruction [3,4,34,59]. However, this is the first
report that IGF-1 production can be maintained in the
face of these otherwise completely suppressive signals.
The ability of RNI 249, alone and in combination with
vincaria, to maintain IGF-1 levels despite the presence of
IL-1β has the potential to not only limit cartilage destruction, as was confirmed here with blockade of GAG release,
but also to evoke anabolic actions and repair the joint.
The present study was not focused on a clear demonstration of an anabolic action. However, there have been
numerous studies reporting that exogenous IGF-1 limits
joint damage and promotes joint repair [59-64].
It is not known how these botanical extracts achieve these
results. We do propose, based on previous observations,
that vincaria is effective by limiting the inhibitory actions
of IL-1β or the suppressive tone of other pro-inflammatory agents. Vincaria is a remarkably potent redox-based
inhibitor of NF-κB and has an IC50 for inhibiting LPSinduced TNFα production of 10 ng/ml [25,44,46,47]. We
have reported that botanical extracts possessing a similar
mechanism of action [21-23] also display chondroprotective actions.
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On the other hand, while Lepidium meyenii extracts contain catechins [65], they are far weaker antioxidants than
vincaria [40,41,59] and as such are unlikely to operate via
redox-based actions. Lepidium meyenii has primarily been
researched for its ability to promote fertility in males and
females. The breadth of Lepidium meyenii's actions on fertility is impressive and range from increased fetal growth,
reduced miscarriage rates, improvements in conception
rates and increased semen volumes and sperm counts [4852]. It is well documented that Lepidium meyenii does not
affect the levels of gonadotrophins, sex steroids or prolactin [48,49], and hence the mechanism of action underlying these pro-fertility effects has remained elusive to date.
As IGF-1 is a critical determinant of fertility and fetal
development we propose that the actions of Lepidium meyenii are dictated by a central action of the direct, local activation of IGF-1 production in target tissues,
independently of growth hormone. What is of critical
interest is that this action can be observed in the presence
of IL-1β, a potent inflammatory agent.
RNI 249 alone, as well as vincaria, was able to block the
increased release of GAG from cartilage explants by IL-1β.
This action of vincaria had been noted previously when
combined with a mineral supplement [24], and similar
effects have also been observed with potent redox-based
anti-inflammatories – green tea epigallocatechin gallate
[22] and anthocyanidin enriched pomegranate fruit
extract [23]. These redox based natural agents appear to
limit cartilage breakdown by blocking the expression, production and release of matrix metalloproteases by activated chondrocytes via a NF-κB and MAPKinase
dependent pathway.
It was of interest to note that nitric oxide production,
another catabolic pathway in cartilage, was less susceptible to normalization than was GAG release. This follows a
pattern seen with other botanical extracts or nutraceuticals, which note reduced but incomplete blockade of IL1β induced nitric oxide production [22-24]. This suggests
that the activation of NO and MMP pathways by IL-1β
vary in their responsiveness to these interventions. How
this may impacts the clinical response in terms of individual variability and disease targeting remains to be defined.
Studer [66] recently described that nitric oxide modifies
IGF-1 receptor kinase probably via the formation of nitrosothiols. This structural modification resulted in altered
functionality with NO blockade enhancing IGF-1 mediated proteoglycan synthesis.
How RNI 249 limits MMP-mediated events (GAG release)
is less clear. A direct suppression of transcription factors
like NF-κB is possible, but remote considering its modest
antioxidant activity. It is possible that the elevation of
IGF-1 production by RNI 249 exerts a negative influence
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an in vivo model of cartilage loss in rabbits, Tuncel et al
[63] noted that collagen sponges impregnated with
recombinant IGF-1 accelerated cartilage restoration.
Another approach was described by De Ceuninck et al
[55], who noted that disruption of IGF-1 binding to the
inhibitory binding proteins via small molecules, resulting
in the release of free IGF-1, restores the anabolic response
of human chondrocytes. This suggests that a critical regulatory site of IGF-1 bioactivity is the inactivation of circulating IGF-1 by binding proteins. With the appreciation
that increased levels of IGF-1 binding proteins have been
observed in osteoarthritic cartilage [57] one needs to consider if the optimal approach is to raise circulating IGF-1
levels or alternatively promote local production in an
autocrine manner.

Figure
from
Normalization
human
4 cartilage
of IL-1βexplants
enhanced
by glycosaminoglycan
RNI 249
release
Normalization of IL-1β enhanced glycosaminoglycan
release from human cartilage explants by RNI 249.
Treatment of human cartilage explants (n = 6) with IL-1β (5
ng/ml) results in the release of glycosaminoglycans (GAG)
into the media. Administration of RNI 249 produced a dosedependent decrease of IL-1β induced GAG release that was
significant at the 10 µg/ml (R10, * P < 0.05) and 50 µg/ml (**
P < 0.01) concentrations. The level of GAG release from
control, untreated explants was indistinguishable from those
explants treated with IL-1β + RNI 249 (50 µg/ml).

While these reports collectively demonstrate that IGF-1
can promote healing and joint restoration and that a multitude of potential approaches to the problem are possible, few are likely to have an immediate impact on health
care. By contrast, the combination of the natural products
RNI 249 and vincaria has already been commercialized in
the USA and Canada under the name "Reparagen" and so
it can be considered an immediate and current option in
contrast to the elegant but commercially distant
approaches of gene transfer or other pharmacological
approaches.

on cartilage catabolism as described with exogenous IGF1 [54,61-63]. However, as we have not performed studies
to demonstrate that RNI 249 actions can be blocked by
inhibitors of IGF-1 signal transduction, these events must
be considered associations and not causations. It is not
clear if autocrine activation of IGF-1 can be blocked by circulating IGF-1 binding proteins and so causative proof-ofprinciple studies are not simple to execute.

A clear limitation of the present study is that it has been
performed in vitro, albeit with human cartilage specimens, and therefore it would be appropriate to hold reservations that the present observations may not be
translated into the in vivo setting or effective with oral
intake. However, we consider that outcomes as being
unlikely. In the case of vincaria it has already been shown
that it is effective in treating osteoarthritis of the knee in
humans with oral administration at the remarkably low
dose of only 100 mg/day [47]. Additionally, vincaria has
displayed oral bioactivity in animal models of inflammation [25,44]. RNI 249 is also likely to be orally active in
terms of enhanced IGF-1 production as it is orally active
for anabolic actions in farmed fish (unpublished observations) and Lepidium meyenii and related extracts have well
defined effects in pregnancy and male fertility upon oral
administration [48-51]; effects that are entirely consistent
with enhanced IGF-1 production. However, an osteoarthritis orientated clinical trial would address these issues
and place the present innovation in an appropriate perspective where one could also address potential benefits
to the joint as a whole, including skeletal muscle and
bone.

There have numerous and diverse approaches employed
to enhance the anabolic actions of IGF-1 ranging from
increasing production or independently enhancing functionality. Haupt et al [55] using viral gene transfer studies
to synoviocytes corrected articular cartilage degradation in
vitro. They observed that by combining IGF-1 with an IL1 receptor antagonist protein they could both increase
proteoglycan production and decrease catabolism via
reduced MMP synthesis. They proposed that a combination approach of combining anabolic growth factors with
catabolic blockers to prevent matrix degradation would be
ideal for healing destructive joint diseases. This is conceptually similar to the approach used in the present study –
enhanced autocrine production of IGF-1 and suppression
of inhibitory cytokine tone.

Conclusion
Madry et al [64] demonstrated that IGF-1 gene transfer
was effective healing for traumatic cartilage repair. Using

Joint inflammation and loss of cartilage matrix are not
well correlated. Often therapies provide symptomatic
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Effects of vincaria and RNI 249 on basal and IL-1β
stimulated nitrite production in human cartilage
explants. Media nitrite levels, a reflection of nitric oxide
production, released from human cartilage explants (n = 3)
was markedly enhanced by treatment with IL-1β (5 ng/ml, P
<0.01). Co-treatment with either vincaria 10 µg/ml (V10) or
RNI 249 50 µg/ml (R50) reduced nitrite levels although these
changes were not significant. However, the combination of
V10 and R50 produced additive effects and a significant
reduction in nitrite levels (* P < 0.01 vs. IL-1β). Both V10 and
R50 alone, reduced basal nitrite levels when compared to
control untreated values but these differences were not significant.

Competing interests

relief but fail to restore architecture. The present observations with a novel South American medicinal plant combination that simultaneously addresses catabolic and
anabolic activities, suggests that it is possible to directly
activate local, chondrocyte IGF-1 production, even in the
presence of IL-1β. This action has the potential to provide
a therapeutic approach that not only limits joint inflammation and destruction but to promote joint restoration.

SA was the key individual that conducted the studies.

MJSM has a financial interest in Rainforest Nutritionals,
Inc
PB has a financial interest in Rainforest Nutritionals, Inc
A SBIR grant award to Rainforest Nutritionals, Inc was
used to sponsor the research performed by SA and TMH in
this study, and TMH is a scientific advisor to Rainforest
Nutritionals, Inc.

Authors' contributions
MJSM contributed to the design of the study and was the
lead author of the manuscript.

PB contributed to study design and manuscript preparation.
TMH oversaw the performance of the study and contributed to its design and manuscript preparation.

Acknowledgements
Abbreviations
MMP matrix metalloproteinase
IGF-1 insulin-like growth factor-1
JNK c-Jun N-Terminal kinase

This work was sponsored by a Small Business Innovation Research Award
NIH R43 AG024733-01, from the National Institute on Aging, National
Institutes of Health, USA.

References
1.
2.

NF-κB nuclear factor kappa B
3.

IL-1β interleukin 1 beta

4.

IL-6 interleukin 6
5.

TNFα tumor necrosis factor alpha

Murray CJL, Lopez AD: The Global Burden of Disease Boston: Harvard
University Press; 1996.
Yellin E, Callahan LF: The economic cost and social and psychological impact of musculoskeletal conditions. Arthritis Rheumatism 1995, 38:1351-1362.
Kraan PM, van den Berg WM: Anabolic and destructive mediators in osteoarthritis. Curr Opin Nutr Metab Care 2000, 3:205-211.
van den Berg WB: Joint inflammation and cartilage destruction
may occur uncoupled. Springer Semin Immunopathol 1998,
20:149-164.
Graham DJ, Campen D, Hui R, Spence M, Cheetham C, Levy G, Shoor
S, Ray WA: Risk of acute myocardial infarction and sudden
cardiac death in patients treated with cyclo-oxygenase 2
selective and non-selective non-steroidal anti-inflammatory
drugs: nested case-control study. Lancet 2005, 365:475-81.

Page 8 of 10
(page number not for citation purposes)

BMC Complementary and Alternative Medicine 2006, 6:13

6.

7.
8.

9.
10.
11.
12.
13.
14.

15.
16.

17.

18.

19.

20.
21.

22.
23.

24.

25.

26.

Kimmel SE, Berlin JA, Reilly M, Jaskowiak J, Kishel L, Chittams J, Strom
BL: Patients exposed to rofecoxib and celecoxib have different odds of nonfatal myocardial infarction. Ann Intern Med
2005, 142:157-64.
Dickman A, Ellershaw J: NSAIDs: gastroprotection or selective
COX-2 inhibitor? Palliat Med 2004, 18:275-86.
Berman BM, Lao L, Langenberg P, Lee WL, Gilpin AM, Hochberg MC:
Effectiveness of acupuncture as adjunctive therapy in osteoarthritis of the knee: a randomized, controlled trial. Ann
Intern Med 2004, 141:901-10.
Noack W, Fischer M, Forster KK, Rovarti LC, Setnikar A: Glucosamine sulfate in osteoarthritis of the knee. Osteoarthritis
Cartilage 1994, 2:61-69.
Walter-Bone K: 'Natural remedies' in the treatment of osteoarthritis. Drugs Aging 2003, 20:517-526.
Hesslink R, Armstrong D, Nagendra MV, Sreevatsan S, Barathur R:
Cetylated fatty acids improve knee function in patients with
osteoarthritis. J Rheumatol 2002, 29:1708-1712.
Tao X, Lipsky PE: The Chinese anti-inflammatory and immunosuppressive herbal remedy Tripterygium wilfordii Hook
F. Rheum Dis Clin North Am 2000, 57:1221-1227.
Aggarwal BB, Shishodia S: Suppression of the nuclear factor-κB
activation pathway by spice-derived phytochemicals: reasoning for seasoning. Ann NY Acad Sci 2004, 1030:434-441.
Biggee BA, Blinn CM, McAlindon TE, Nuite M, Silbert JE: Low levels
of human serum glucosamine after ingestion of glucosamine
sulphate relative to capability for peripheral effectiveness.
Ann Rheumatol 2005. online pub. Aug 3.
McAlindon TE, Biggee BA: Nutritional factors and osteoarthritis: recent developments. Curr Opin Rheumatol 2005, 17:647-652.
Cibere J, Kopec JA, Thorne A, Singer J, Canvin J, Robinson DB, Pope
J, Hong P, Grant E, Esdaile JM: Randomized, double-blind, placebo-controlled glucosamine discontinuation trial in knee
osteoarthritis. Arthritis Rheumat 2004, 51:738-745.
Reginster JY, Deroisy R, Rovati LC, Lee RL, Lejeune E, Bruyere O,
Giacovelli G, Henrotin Y, Dacre JE, Gossett C: Long-term effects
of glucosamine sulphate on osteoarthritis progression: a randomised, placebo-controlled clinical trial.
Lancet 2001,
357:251-256.
Pavelka K, Gatterova J, Olejarova M, Machacek S, Giacovelli C, Rovarti LC: Glucosamine sulphate use and delay of progression of
knee osteoarthritis: a 3-year, randomized, placebo-controlled, double-blind study. Arch Intern Med 2002, 162:2113-2123.
McAlindon TE, Formica M, LaValley M, Lehmer M, Kabbara K: Effectiveness of glucosamine for symptoms of knee osteoarthritis:
results from an internet-based randomized double-blind
controlled trial. Am J Med 2004, 117:643-649.
Clegg DO, Reda DJ, Harris CL, et al.: Glucosamine, chondroitin
sulfate, and the two in combination for painful knee osteoarthritis. New Engl J Med 2006, 354:795-808.
Ahmed S, Rahman A, Hasnain A, Lalonde M, Goldberg VM, Haqqi TM:
Green tea polyphenol epigallocatechin-3-gallate inhibits the
IL-1β – induced activity and expression of cyclo-oxygenase-2
and nitric oxide synthase-2 activity in human chondrocytes.
Free Radical Biology Med 2002, 33:1097-1105.
Ahmed S, Anuntiyo J, Malemud CJ, Haqqi TM: Biological basis for
the use of botanicals in osteoarthritis & rheumatoid arthritis: a review. ECAM 2005, 2:301-308.
Ahmed S, Wang N, Hafeez BB, Cheruvu VK, Haqqi TM: Punica
granatum L. extract inhibits IL-1β – Induced expression of
matrix metalloproteinases by inhibiting the activation of
MAP kinases and NF-κB in human chondrocytes in vitro. J
Nutr 2005, 135:2096-2102.
Miller MJS, Ahmed S, Bobrowski P, Haqqi TM: Suppression of
human cartilage degradation and chondrocyte activation by
a unique mineral supplement (SierraSil™) and a cat's claw
extract, vincaria®. J Am Nutraceut Assoc 2004, 7:32-39.
Sandoval-Chacon M, Thompson JH, Liu X, Mannick EE, SadowskaKrowicka H, Charbonnet R, Clark DA, Miller MJS: Anti-inflammatory actions of cat's claw: the role of NF-κB. Alimentary Pharmacol Ther 1998, 12:1279-1289.
Haqqi TM, Anthony DD, Gupta S, Ahmed N, Lee M-S, Kumar GK,
Mukhtar H: Prevention of collagen induced arthritis in mice by
a phenolic fraction of green tea. Proc Natl Acad Sci USA 1999,
96:4525-4529.

http://www.biomedcentral.com/1472-6882/6/13

27.

28.

29.
30.
31.

32.

33.

34.

35.
36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

Singh R, Ahmed S, Malemud CJ, Goldberg VM, Haqqi TM: Epigallocatechin-3-gallate selectively inhibits interleukin-1β –
induced activation of mitogen activated protein kinase subgroup c-Jun N-terminal kinase in human osteoarthritis
chondrocytes. J Orthopaedic Res 2003, 21:102-109.
Marok R, Winyard PG, Coumbe A, Kus ML, Gaffney K, Blades S, Mapp
PI, Morris CJ, Blake DR, Kaltschmidt C, Baeuerle PA: Activation of
the nuclear transcription factor-κB in human inflamed synovium. Arthritis Rheum 1996, 39:583-591.
Winyard PG, Blake DR: Antioxidants, redox-regulated transcription factors. Adv Pharmacol 1997, 18:403-421.
Lohmander LS: What can we do about osteoarthritis? Arthritis
Res 2000, 2:95-100.
Mix KS, Mengshol JA, Benbow U, Vicnenti MP, Sporn MB, Brinkerhoff
CE: A synthetic triterpenoid selectively inhibits the induction
of matrix metalloproteinases 1 and 13 by inflammatory
cytokines. Arthritis Rheum 2001, 44:1096-1104.
Fernandez-Celemin L, Pasko N, Blomart V, Thiessen J-P: Inhibition
of muscle insulin-like growth factor 1 expression by tumor
necrosis factor-alpha. Am J Physiol Endocrinol Metab 2002,
283:E1279-E1290.
Soto L, Martin AI, Vara E, Lopez-Calderon A: Cyclosporin A treatment is able to revert the decrease in circulating GH and
IGF-1 and increase in IGFBPs induced by adjuvant arthritis.
Horm Metab Res 2001, 33:590-595.
Loeser RF, Carlson CS, Del Carlo M, Cole A: Detection of nitrotyrosine in aging and osteoarthritic cartilage. Correlation of
oxidative damage with presence of IL-1B and with chondrocyte resistance to insulin like-growth factor 1. Arthritis Rheum
2002, 46:2349-2357.
Holzenberger M: The role of insulin-like signalling in the regulation of ageing. Horm Res 2004, 62(Suppl 1):89-92.
Strle K, Broussard SR, McCusker RH, Shen WH, Johnson RW, Freund
GG, Dantzer R, Kelley KW: Proinflammatory cytokine impairment of insulin-like growth factor 1-induced protein synthesis in skeletal muscle myoblasts requires ceramide.
Endocrinology 2004, 145:4592-4602.
Barbieri M, Ferrucci L, Ragno E, Corsi A, Bandinelli S, Bonafe M, Oliveri F, Giovagneti S, Franscheschi C, Guralnik JM, Paolisso G: Chronic
inflammation and the effects of IGF-1 on muscle strength
and power in older persons. Am J Physiol Endocrinol Metab 2003,
284:E481-E487.
Cappola AR, Xue QL, Ferrucci L, Guralnik JM, Volpato S, Fried LP:
Insulin-like growth factor and interleukin-6 contribute synergistically to disability and mortality in older women. J Clin
Endocrinol Metab 2003, 88:2019-2025.
Ponzer S, Tidermark J, Brismar K, Soderqvist A, Cederholm T: Nutritional status, insulin-like growth factor-1 and quality of life in
elderly women with hip fractures. Clin Nutr 1999, 18:241-246.
Sawczenko A, Azooz O, Paraszczuk J, Idestrom M, Savage MO, Ballinger AB, Sanderson IR: Intestinal inflammation-induced
growth restriction acts through IL-6 in rats and depends on
the – 174 IL-6 G/C polymorphism in children. Proc Natl Acad Sci
(USA) 2005, 102:13260-13265.
De Benedetti F, Meazza C, Oliveri M, Pignatti P, Vivarelli M, Alonzi T,
Fattori E, Garrone S, Barreca A, Martini A: Effect of IL-6 on IGF
binding protein-3: a study in IL-6 transgenic mice and in
patients with systemic juvenile idiopathic arthritis. Endocrinology 2001, 142:4818-26.
De Benedetti F, Alonzi T, Moretta A, Lazzaro D, Costa P, Poli V, Martini A, Ciliberto G, Fattori E: Interleukin 6 causes growth impairment in transgenic mice through a decrease in insulin-like
growth factor-I. A model for stunted growth in children with
chronic inflammation. J Clin Invest 1997, 99:643-50.
Ballinger AB, Azooz O, El-Haj T, Poole S, Farthing MJ: Growth failure occurs through a decrease in insulin-like growth factor 1
which is independent of undernutrition in a rat model of colitis. Gut 2000, 46:694-700.
Sandoval M, Okuhama NN, Zhang X-J, Condezo LA, Lao J, Angeles
FM, Bobrowski P, Miller MJS: Anti-inflammatory and antioxidant
activities of cat's claw (Uncaria tomentosa and Uncaria
guianensis) are independent of their alkaloid content. Phytomedicine 2002, 9:325-337.
Miller MJS, Angeles FM, Reuter BK, Bobrowski P, Sandoval M: Dietary antioxidants protect gut epithelial cells from oxidant
induced apoptosis. BMC Compl Altern Med 2001, 1:11.

Page 9 of 10
(page number not for citation purposes)

BMC Complementary and Alternative Medicine 2006, 6:13

46.

47.

48.

49.

50.
51.
52.
53.

54.
55.

56.

57.

58.

59.

60.
61.
62.

63.
64.

65.

Sandoval M, Charbonnet RM, Okuhama N, Roberts J, Krenova Z,
Trentacosti AM, Miller MJS: Cat's claw inhibits TNFα production
and scavenges free radicals: role in cytoprotection. Free Radical Biol Med 2000, 29:71-78.
Piscoya J, Rodriuez Z, Bustamante SA, Okuhama NN, Miller MJS, Sandoval M: Efficacy and safety of freeze-dried cat's claw in osteoarthritis of the knee: mechanisms of action of the species
Uncaria guianensis. Inflamm Res 2001, 50:442-448.
Gonzales GF, Cordova A, Vega K, Chiung A, Villena A: Effect of
Lepidium meyenii (Maca), a root with aphrodisiac and fertility-enhancing properties, on serum reproductive hormone
levels in adult healthy men. J Endocrinol 2003, 176:163-168.
Gonzales GF, Cordova A, Vega K, Chung A, Villena A, Gonez C, Castillo S: Effect of Lepidium meyenii (MACA) on sexual desire
and its absent relationship with serum testosterone levels in
adult healthy men. Andrologia 2002, 34:367-372.
Gonzales GF, Cordova A, Gonzales C, Chung A, Vega K, Villena A:
Lepidium meyenii (Maca) improved semen parameters in
adult men. Asian J Androl 2001, 3:301-303.
Obregon L: Maca Instituto de Fitoterapia Americana; 1998.
Bustos-Oregon E, Yucra S, Gonzales GF: Lepidium meyenii (Maca)
reduces spermatogenic damage induced by a single dose of
malathion in mice. Asian J Androl 2005, 7:71-76.
Farndale RW, Buttle DJ, Barrett AJ: Improved quantitation and
discrimination of sulphated glycosamineglycans by use of
dimethyl-methylene blue.
Biochem Biophys Acta 1986,
883:173-177.
Grounds MD: Reasons for the degeneration of ageing skeletal
muscle: a central role for IGF-1 signalling. Biogerontology 2002,
3:19-24.
De Ceuninck F, Claiez A, Dassencourt L, Anract P, Renard P: Pharmacological disruption of insulin-like growth factor 1 binding
to IGF-binding proteins restores anabolic responses in
human osteoarthritic chondrocytes. Arthritis Res Ther 2004,
6:R393-R403.
Haupt JL, Frisbie DD, McIlwraith CM, Robbins PD, Ghivizzani S, Evans
CH, Nixon A: Dual transduction of insulin-like growth factorI and interleukin-1 receptor antagonist protein controls cartilage degradation in an osteoarthritic culture model. J Orthopaedic Res 2005, 23:118-126.
Iwanage H, Matsumoto T, Enomoto H, Okano K, Hishikawa Y, Shindo
H, Koji T: Enhanced expression of insulin-like growth factorbinding proteins in human osteoarthritic cartilage detected
by immunohistochemistry and in situ hybridization. Osteoarthritis Cartilage 2005, 13:439-448.
Verschure PJ, Van Noorden CJ, Van Marle J, Van de Berg WB: Articular cartilage destruction in experimental inflammatory
arthritis: insulin-like growth factor-1 regulation of proteoglycan metabolism in chondrocytes. Histochem J 1998, 28:286-292.
Hui W, Rowan AD, Cawston TE: Insulin-like growth factor 1
blocks collagen release and down regulates matrix metalloproteinase-1, -3, -8, and -13 mRNA expression in bovine
nasal cartilage stimulated with oncostatin M in combination
with interleukin1α. Ann Rheum Dis 2001, 60:254-261.
Rogachefsky RA, Dean DD, Howell DS, Altman RD: Treatment of
canine osteoarthritis with sodium pentosan polysulfate and
insulin-like growth factor-1. Ann NY Acad Sci 1994:392-394.
Zofkova I: Pathophysiological and clinical importance of insulin-like growth factor-1 with respect to bone metabolism.
Physiol Rev 2003, 52:657-679.
Chu CR, Kaplan LD, Fu FH, Crossett LS, Studer RK: Recovery of
articular cartilage metabolism following thermal stress is
facilitated by IGF-1 and JNK inhibitor. Am J Sports Med 2004,
32:191-196.
Tuncel M, Halici M, Canoz O, Turk CY, Oner M, Ozturk F, Kabak S:
Role of insulin like growth factor in repair response in immature cartilage. The Knee 2005, 12:113-119.
Madry H, Kaul G, Cucchiarini M, Stein U, Zurakowski D, Remberger
K, Menger MD, Kohnn D, Trippel SB: Enhanced repair of articular
cartilage defects in vivo by transplanted chondrocytes overexpressing insulin-like growth factor I (IGF-1). Gene Ther 2005,
12:1171-1179.
Sandoval M, Okuhama NN, Angeles FM, Melchor VV, Condezo LA,
Lao J, Miller MJS: Antioxidant activity of the cruciferous vegetable maca (Lepidium meyenii). Food Chem 2002, 79:207-213.

http://www.biomedcentral.com/1472-6882/6/13

66.

Studer RK: Nitric oxide decreases IGF-1 receptor function in
vitro: glutathione depletion enhances this effect in vivo. Osteoarthritis Cartilage 2004, 12:863-869.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1472-6882/6/13/prepub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10
(page number not for citation purposes)

